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ABSTRACT

Two methods of accounting for body-liftir ' .. , interference in
unsteady flow are considered. The first method is described it. :art I
of this report, while the second will be described in Part II to follow.

The first method is a direct application of nonplanar lifting surface
elements to both the lifting surfaces and the body surfaces. The body is
treated as an annular wing. This type of idealization must be used with
an axial doublet introduced to account for body incidence effects. The
undesirable effects of the annular wing representation are then reduced.

The second approach, to be described in Part II, uses an image system
and an axial singularity system to account for the effects of the bodies.

This volume contains the computer program and contains the FORTRAN
listing. Volume I contains the development of the theory, correlation of
theory with experimental data, and the parametric study.
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NOMENC LATURE

A Reference total area

[AJ Matrix of box areas

a. Polynomial mode coefficients for mode iintor

AIC Matrix of influence coefficients relating generalized forces
to generalized deflections for submodes

c Chord length

Z• Reference cnord length

C Pitching moment coefficient rAi ( nose up)

C Yawing morr.nt coefficient (mome nt) (+ nLse right)

Ci Rolling moment coefficient (om As (+ clockwise)

C Force coefficient in v-direction (Force) (+ out right wing!

SForce coefficient in z-direction (+ verticaiiy up)
Z ( ~ ~~~q (A vric~ p

c Local moment coefficient Z
m qc /,

C Local normal force coefficient nora force )
n qc

e Strip semi-width

4r Normalized deflection normal to surface (h/s)

h Deflection normal to surface

K Kernel

k Reduced frequency, wI/2U,r

L Lift

M Mach number;also moment

Qij Generalized 1orce

q Dynamic pressure

"Generalized coordinates

Body radius

r J(y~T•)' +

vi



s Semi-span

LI® Free-stream velocity

W Unnormnalized norrmalwash

wt W /UW

wr W - Wb

x, y, z Coordinates of receving points

x, y, i Element coordinates of receiving points

x Gust reference axis0

a Angle of attack;also a function defined by Equation 2. 1-15

PJYT-M: ; also control surface deflection

rg Gust dihedral angle. ( r 9 0 if gust velocity is vertical)

V/ Dihedral angle

AC Lifting pressure coefficient Plower - upper
P q

6 Symmetry index (right and left symmetry); also tab deflection

E Ground effect index

Wave length

17,• Coordinates of sending points

•, l, ~ Coordinates of sending points in element coordinates

P2  Density at sea level

or Lateral coordinate in the plane of the surface

W Frequency

Subscripts and Superscripts

a body axis

B body

c center

f Body or fuselage

g gust

vii



Deflection mode

Pressure mode

L. E. Leading edge

LL Lower left

LR Lower right

R Axis about which moments are taken

r Receiving

s Sending

UL Upper left

UR Upper right

y y-direction

z z-direction

1/4 One quarter chord point of a lifting surface box

3/4 Three quarters chord point of a lifting surface box
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1 1.0 INTRODUCTION

Computer program H7WG( is the result of modifying and extending

piogram H7WB. Piograia H7WB generates aerodynamic influence coefficients

and gust loads for nonplanar surfaces. fheh modifications to this program

include:

(1) An extension to accept polynomial mode input. (Subroutine

GENQ)

(2) The addition of a capability to determine generalized forces.

(Subroutine GENF)

(3) The addition of a capability to account for body anole of attack

and camber effects using an axial pressure doublet system.

(Subroutines AUGW, TKER)

(4) A refined version of the Doublet-Lattice Method to properly

handle problems involving small vertical gaps betk, een wing

and tail surfaces. (Subroutine IDF2)

(5) The addition of the Quasi-Inverse for sr ving large numbers

of modes or submodes, and for solving future mode-- with a

minimum of computing effort. (Subroutines QUAS, F TTTSOL,

CXSS)

Program H7WC can handle almost any type of configuration if it is

idealized properly. The axial pressure doublets give the proper slender body

flow field for an axially symmetric body of any shape. The body/lifting-surface

interference is taken care of using lifting surface panels on the body surface.

The interference elements must lie on an idealized body of constant cross

sectional shape. The rules that apply to the placement of a grid of boxes

on the aircraft lifting suriaces also apply to the interference surfaces on

the bodies. These rules are:

(1) Boxes (trapezoidal elements) are arranged in strips parallel

to the free-stream. The aspect ratio of such boxes should not

be large. For the unsteady case, an aspect ratio of order unity

or lebs is preferred.



Fq

(2) Surface intersections, surface edges, fold lines, and hinge lines

should lie on box boundaries.

(3) For wing-tail type configurations the strip boundaries on the tail

must be aligned with those on the wing. Strips should be concen-

trated near the wing tips, near control surface edges and in any

region where the span loading changes rapidly.

(4) The box length must be small comppred to the basic wave length.
A~xAx 0.04

Boxes should also be concentrated near controL surface hinge-lines

and in all regions where the upwash boundary conditions are

discontinuous.

(5) The body cross-sectional shape on which interference lifting

surfaces are placed must be constant in the x-direction even

for wing-tail problems. (This does not apply to the slender body

solution for which the radius distribution is used.

Sketch 1, 1 -1 gives examples of these 5 rules.

Because of the numerical techniques involved, the two-dimensional

radial distance, 2 + (z_ e)2 , between a control point, y, z, (3/4-chord

point of a box) and a box edge, Tie' e , may never approach zero. It does

not matter whether the control point is on the same or on a different sur-

face orwhether it is up-or downstream from the box in question. This is

easily understood for a control roint in the wake of the box since the con-

trol point may not approach the bound leg of the horseshoe vortex However,

it is also true upstream due to the approach taken for the unsteady effects.I _•)2

(If kr - 0 the upstream effect at q (y-1)2 + (z - -) 0 vanishes).

Wing-body-tail problcms nmst be hancied using only one interference

cross-section. That isone constant cross-sectional shape must be used

both near the wing and near the tail. If this rule is not followed the wakes

of the lifting surface element lying on the cross-section near the wing may

impinge on the tail surface.

2
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When a body mode is input it must be input both to the axial elements

and to the interference body panels. It must be remembered, however, that

the body is in motion either in the z-or y-directions while the lifting surfaces

on the body are in motion normal to themselves. Thus the mode input for a

particular body interference panel must be multiplied by cosy for (+) z-motion

and -sin V for (+) y-.motion where V is the dihedral angle of the panel.

The following list gives the program limits.

1. The maximum number of unknowns, i. e. , the aerodynamic boxes

on the lifting surfaces plus the number of body elements, is 400.

2. The maximum number of aerodynamic degrees of freedom, in

case of AIC calculations, is 130.

3. The maximum number of degrees of freedom per strip in case

of AIC calculations is restricted to 4.*

4. The maximum number of modal righi-hana sides is 40 per case.

5. The maximum number of aerodynamic boxes per spanwise

division (strip) is 30.

6. Thc maximum number of spanwise divisions (strips) is 50.

7. The maximum number of bodies is 20.

Prof,, rani 17WC was use-d successfully on the following computers: GE635,

IBM 7094 and IBM 360/65. Core requirement for the program in the various

computers is as follows:

GE635 IBM 7094 IBM 3t0/65 CDC 6600

28K words 32K words I2bK bytes 100IK bytes

If greater core capacity is available it is desirable to use it up to 2oOK bytes.

Th( CDIC version is slightly nmodified in dinensions.

TIhis restriction co eson•ies 1,011 operational rt-qul re i seints on the IBM 70f(14

The runihbcr of degrt, s (of fr ccdoni k can t.asily be inc reastd to the 7
disctossed in Appendix I) in Part I, Vol I Oy inc reasing t1 c dimiension 4 to 7
in subroutitis AIC. AKlRO, and FINAL.

'4



2.0 COMPUTER PROGRAM H7WC

2.1 Input Procedure

2.1.1 Input Sheets

The input sheets for program H7WC are shown on the next three

pages. The first three cards represent general case data that is input once
per case. The next four* cards (4, 5, 6, 7) represent panel data that is

repeated per panel. The panel data must be inpit in a certain order.

The panel data for all "regular" lifting surfacSs, (wing, tail, etc. ) are

input firs.. Th, .'anel data for all interferece lifting surfaces (used

for the bodies) is input last.

If a body can oscillate in bon the z- and y-directions

(nacelle) then it must be replaced by tio bodies: one that moves in the

z-direction and one that moves in tl-c y-direction. The subsequent

three** cards (8, 9. 10) are body d'ta necessary for the slender body

analysis. This data is repeated.4er body. Card 11 is used for mis-

cellaneous modal and AIC dataand must be completed in either case.

Card 12 is used when a gust a desired. Card 13 indicates a series of
cards that are used to idendfY lifting surface boxes with strips. Card 14
indicates one or more caNs that identify the degrees of freedom to be

used for each panel. Ths card is necessary only if AIC's are desired.

Cardsl5 a'd 16 are used to identify axes for the AIC degrees of

freedom. Card 17 s used for modal control data. Card 18 is used to

input control dataior panel modes, while card 19 represents a series of

cards, repeater'as necessary, to indicate polynomial mode coefficients

for panels. C%,,As 40 aiud 21 are 6iuaiilar to cards 16, 19 Cxcept the mudes

pertain to tie z and y modes of the bodies.

,here may be more than four cards depending on the ntumber necessarv

to present all 0. and r, values.1 1

There may be niore than three cards depe.nding on the nuniber necessarv

to present F and R.AD.

5
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2. 1. 2 Description of Input Data

Item No. Description

I The header card is used to describe the current run being made.

Any alphanumeric information can be used, placed in cc 1-60.

The first 12 card columns should contain the tape title for the

AIC's, in the case when AIC's are generated and are to be saved

on master tape for later use.

2 M, FMACH - Mach number, usual definition.

3 A_ ACAP - Reference area; usually total area of wing.

4 E, REFCHD - Reference chord, usually average chord of wing

5 s, REFSPN - Reference semispan.

6 6JlNDELT - Symmetry flag (6= 1 sym., 6 -1, antisyrn.

0 = 0, no sym. ).

7 NP, NOPAN - Total number of panels on all lifting surfaces

8 NB - Total number of bodies.

9 NRF Number of reduced frequencies for which the analysis

has to be perforrned (repeated) - recommended maximum

is 6 per case.

10 NCORE - Size of total solution, i. e. , NCORtE . N x M where

N is the total number of elements or unknowns

(including z and y tuselage elements) and N1 is the

number of modes or the order of the AIC" matrix if

obtained.

I I N.'- If "I" program assumes that case has been run previouslv

and that a quasi-inverse exists on a tape (.dentified by

NTPO) and only new modes are being run i "0. prog ram

runs a new case.

9
I:



Item No. Description

12 N2 - If "0",polynomial modes are to be input. If "lIt AIC's

are to be calculated.

13 N3 - Data flag. If "I t , matrix is printed; if "0",it is not printed.

14 N4 - Detail print flag for slender body solution; 1 to print, 0 otherwise.

15 KR - Array of reduced frequency ,KR - U

16,17,18 Xl X2 X3 - Panel edge coordinates.
19,20,21 X4 Y1 Y2 XI, Y1, ZL (Inboard leading edge)
22,23 ZI Z2 X2, Y1, Z1 (Inboard trailing edge)

X3, Y2, Z2 (Outboard leading edge)
X4, YZ, ZZ (Outboard trailing edge)

24 NS - Number of spanwise divisions for panel considered.

25 NC - Number of chordwise divisions for panel considered.

(XI ,Y 1, Z1)0=

(X3 ,Y 2,Z 2 )

0.(X2 ,Yi, Z1) ' . .2••=• •( X 2 t i t z 1 ) ' ( X 4 , Y 2 , 'Z 2 )

TX Gnc = 1. 0

z

T "1.0

SKETCH 2. 1. 2-1

10



Item No. Description

26 COEF - Scale factor for panel deflection modes. If no scale

factor is desired, must be set to 1.0.

27 0. - Chordwise divisions in fraction of chord. Usually varies

from 0 at leading edge to 1. 0 at the trailing edge.

28 ri - Spanwise divisicin in fraction of panel span. Usually

0. 0 at inboard chord and 1. 0 at outboard chord.

Repeat all panel data per panel (Items 16 through 28) Panels are input in the
following sequence- wing, tail, etc. , ioanels, then body interference panels.

29 Z - Z-coordinate of body axis.C

30 Y - Y-coordinate of body axis.c

31 NF - Number of divisiens on body.

32 NZ - If 'l", the program will allow for doublets in the

Z-direction and thus will be able to account for Z -or upwash.

If not, et NZ 7 0.

33 NY - If "I", program will allow for Y-doublets and thus Y-or

sidewash.

34 COEF - Scale factor for body deflection mode.

35 MKI- Each body has associated with it interference lifting sur-

faces. MKI represents the first box on these surfaces

36 LLU- The last box on the body interference lifting surface

panels. Interference lifting surface panels are input

af:er the regular lifting surfaces are input.

37 L - Endpointf of Ymdv divisions (starts at leading ,dte and

ends at trailing edg,'). F x coordinates of body 'efle ent end points.

38 _ -Radius at endpoints

R,.peat all body d; ta per body (Items 21 througzh ;,•

II
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SYF.'rCT' 2. 1. 2-2
Item
No. Desc ription

39 NSTRIP - Total number of strips on all lifting surfaces

40 NBl - Sequence number of first strip Omit if no AIC's

are desired.

41 NB2 - Sequence number of last strip. Omit if no AIC"s

are desired.

4.7 NPRI - Print flag. If '*I print all AIC solutions. Otherwise

use "0' (usually 1 0).

43 NPR2 - Print fla•i. If A' ' print AIC's. Otherwise usc 0

(usually 0)

44 N PR i - Stabilit v de rivat! . flag If 'I . prin' static stabilitv

derivatives If " ;" print slai. -and d'.'nan.i stabiltv rivrivat,: ,s

O th .rw .s , i uFi '0 N ot,- that. if N Pi( . : ,- n;-s' be 2 and

F1MU) m1ust 'he 0 0 .'sllai sc'!11ng -s NPR -

4;, O&BNO -- Aii' tape i(,ntIfi'at( -!n. ')n, r-. o A'is

4 ,TQ13O.N - Not u•v.I

47 .N-' -- (;" st flawz. ,sr I for ý2Il t. 0 '.,r;A st



item No. Description

4C JSP - Second symmetry plane (the plane Z = 0).

-1 ground effect (antisymmetric)

I biplane or jet (symmetric'

0 no symmetry

49 NPC - Mode selector for AIC generation.

Ignore if no AIC's. Use "0" if alternative #1

is used i. e. plunging, pitching, control sur-

face rotation and tab rotation. Use I'll, if

alternative #2 is ,,sed,i. e., three cambering

modes plus control surface and tab rotation.

50 NSV - Total number of strips on all vertical panels

which lie on the symmetry plane Y = 0.

Vertical panels lying on Y = 0 must be input

before the other panels. For example the

vertical portion of the T-tail must be :Caput first.

51 NBV - Total number of boxes on vertical panels.

5Z NYAW - Stability derivative override flag. If "1", yaw

coefficients will be calculated, if "0", pitch

coefficients will be calculated.

If'NDELT = 1, NYAW = 0

NDELT = -1, NYAW = I

NDELT = 0, NYAW = 0 or I

53 GZRO Gust reference plane dihedral in degrees. For 0

dihedral (GZRO = 0) the gust velocities are

vertica) (in the Z-direction). Omit if gust is not

desired.

4 XZRO - Gust reference point Point at which sinusoidal

gust velocity is unity. Omit if gust is not d(ksired.

13



ltem No. Description

55 VEL - Aircraft /elocity in. /sec. Omit if gust is not desired.

56 W_ - Gust vertical velocity at XZRO, in. /sec. Omit if

gust is not desired.

Omit the gust card if the gust is not desired. (Items 53 through 56)

57 LIM - Summation limits for chordwise integration. Usually

LIM 1 is the first box in a strip and LIM2 is the last

box where all boxes are numbered consecutively.

58 NOP - Panel number.

59, 60,61 IS1 ISZ IS3 .. AIC degree-of-freedom selector. If alternative
62,63, 64 IS4 175 IS6 #1 is used (i. e. if NPC = 0) then ISI through IS6
65 IS7

(IS7 not used) represent: plunging, pitching,

control surface rotation, tab rotation, control

surface plunging, tab plunging,respectively. If

Alternative #2 is used then IS1 through IS7

represent: three cambering modes on the main

surface, control surface rotation, tab rotation,

control surface plurging and tab plunging,

respectively.

66 XHI - Reference axes measured in fractions of local chord

on the inboard edge of a panel. (Further description

followirg XHO. ) Ignore if AIC's are not needed.

67 XHO - Reference axes measured in fractions of local chord

on the outboard edge of a panel. For Alternative #1

5 quantities are needed: the elastic axis, the leading

edge of the control surface, the rotation point of the

control surface, the tab leading edge and rotation point.

respectively. The data pair XHI and XI11 are repeated

for each panel.



Item No. Description

Omit data Items #58 through #67 if AIC's are not required.

68 NM, NMD - Total number of modes, i. e. , max NQ.

69 NT, NTA - Total number of ARQ values.

70 N5 - If "I", save the quasi-inverse on tape so that futare

modes may be considered. Otherwise set to "0"

71 N6 - Type of mode input flag

0 - polynomial

I - input h, dh/dx from tape

2 - input h, dh/dx from cards

72 N7 - If "1", calculate pressure forces and moments.

Use "0" otherwise.

73 NTPI -Quasi Inverse tape identification. Written on tape

when Quasi Inverse is forined and used to identify

the Quasi Inverse when it is retrieved ýor additicnal

mode cases.

74 NTPM - Identification of input mode (h, dh/dx) tape.

The input to follow is associated with che input modes. Equations will be

written to define the variables. For panels (lifting surfaces) the deflections

will be normal to the surface while for bodies the deflections \%ill be in the

Z- (if any) and Y- (if any) directions. For the "NE)'th panel or body the

deflections in the 'NQ" th mode are calculated as follows:

(f) (NR)COF('R) ( r ARQ
NQ S • (NRN Q. N

N . 0, 1, ' M 0.1,'

where r is in a ra !ial direction. The origmn of the radius• is either al the

15



origin of coordinates, when N8 0, or at the inboard edge (for the panel)

or the axis (for a body) if N8 is set to 1.*

T 4y (N 8) YI (NR)}T + (z - (N8)z (NI))Z for panels

T (y -(N8)Y c(NR))2 + (z - (N8)Z (NR))2 for bodies

'(T, N 8 0) 

a c I

Panel .

(T, N 8 7. 1)---

SKETCH 2. 1.2-3

0ýSince each panel is ptanar, - .s a spanwi se distance in the plant"
mnetasured fronm its inboard edg, or from the 7rieir v - 0:
is a radial dst anee only in the sensc that each panel m,av hav. a
different dihedral. 'l he use Of this radial ,hs tan- e is not nmueant to
inr ply that th,- panels artk curven.

16



Item
No. Description

75 MP, NMTP - Total number of ARQ coefficients for panels only.

76 MB, NMTB - Total number of ARQ coefficients for bodies.

77 NR - Panel number and/or body number.

78 NQ_- Mode number.

79 NA, NARQ - Number of terms (ARQ) in mode NQ, panel and/or body NR.

80 N8 - Flag that sets origin of radial variable . If "0', the x-axis

is used. If"1",inboard edge or axis of body is used as

origin (see equation for T).

The four items NR, NQ, NA, N8 are repeated for each panel or

body until all panels and bodies are mentioned. Even if a panel

or body is not in motion (NA = 0) the set of four items must be

given.

The direction of motion of a body is given by the NZ or NY flags.

Thus if body pitching is given and NY is flagged, thei the body

will be given a yaw. If a body can move in both the Z and Y

directions (a nacelle) then it must be replaced with two bodies:

one with NZ = 1 and one with NY = 1.

81 N, LARQ(l) - Power of x/s in the mode polynomial.

82 M, LARQ(21 - Power of r/s in the mode polynomial.

83 N M
ARQ - Coefficient of (x/sN (ri/s) in the nmode polynonmial.

Omit modal data cards if modes are not desired OIten's 68 through 83).
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If modes are input using the options N6=1, or N6=2, omit Items 73

through 83, and add the following data items:

Item

No.

84 NBOX - Total number of boxes on all panels.

85 B - Generalized force integration matrix (box area) X
(displacement 1/4-chord of box).

86 H - Displacement of 3/4-chord point normalized by
semispan, h/s.

87 DHI - Derivative of normalized displacement by (x/s) at
3/4-chord point of bc., . d(h/s)/d(x/s).

88 NBEL - Total number of body elemencs.

89 B - Generalized force integration matrix (body element
length) X (diamet r) X (displacement 1/2 -chord of
element).

90 H - Displacement of 1/2-chord point normalized by
semispan, h/s.

91 DHI - Derivative of normalized displacement by (x/s) at
1/2-chord point of element, d(h/s)/d(x/s).

92 D142 - d 2 (h/s)/d(x/s)2 .

NOTE: If N6=1, Items,#84 through #92 are input from cards according to
the formats shown on page 8.

If N6-2, Items #84 through #92 are read from tape unit MTAPE,
as one record per variable, NBOX, (B., i = 1, NBOX), (H.,
S=1, NBOX) and (DHl., i = 1, NBOX)1 . If bodies are also
present, five more variables are read from tape unit MTAPE;
again, as one record per variable: NBEL, (B., i I 1, NBEL),
(H-I., i - 1, NBEL), (DHIi, i = 1, NBEL) and (flI2i, i = 1, NBEL).

1 e a
For each additional mode, repeat Items 085 through #92.

18



2. 2 Example Case

The following case is to be viewed only as an example of the proper

input procedure and not as an example of an ideal or optimum idealization.

The configuration is shown in Sketch 2.2-1.

c 2.0

k 1.0
r

M 0.8

A - 8.0

R 6.0

2

Sketch 2. 2-1

The fuselage is divided up into 10 equal elements for the slender body

calculation. The divisions along with the radius is given as follows:

Fk 0, 1.0, 2.0, 3.0, 4. 0, 5.0, t.0, 7.0. 8.0, Q. 0. 10.0

RADk 0, 0.7, 0. 8, 0 9, 0. )5, 1 0, 0. ). 0. 8, 0 7.0 5 .0.0

The axis of the fuselage lies on the x-axis, Z Y 0 anti it is assumed

that the fuselage rnoves only in the, ;-direction IN . I). Th,- modes of
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oscillation are symmetric (6 1.0) pitchinr, about the middle of the fuselage

and plunging

h/s -5.0 + 5 xis (where s - 5)

h/s 1.0

These modes apply to the entire configuration. The panels are numbered

from I to 5 in Sketch 2. 2-1.

The panels are given as f,)dlows:

(1) x1 4.0, X2- 7. 0, X 6. 0, X 7 0

Y 1 1. 0, "'2 = 5. 0, Z 1 0 , 2 0

0 0, 0.333, 0.666, 1.0, T 0, 0.25, 0.50, 0 71 , 1.0

(2) X 9 , 10 , X 3  9. 5, X4 10. 0

Y 1.0, Y =3.0, Z -0, 0 0
1 1

0 0, 0.5, 1.0

r : 0, 0.5. 1.0

(3) X 2.0, X 10. 0, X3 2. 0, X 4 10. 0

Y 0 Y 2 1 0, Z 1.0, 7, ? 1.0

0 0, 0. 25, 0. 25, 0. 3713, 0. 50, 0. 625. 0. 75. 0. 87 , 0. Q1-75. 1. 0

0, 1.]

(4) X X X X, x san'i as (1)1, 12 4'

Y 1. 0, Y2 1. 0, 1. 0, z -1. 0

r 0, 0. 1.0

(5 XI, X,. X , 0, sani' as i2,

y 1.0. 0.0. /0 -I0

1h, input ,ewcts irk sh i,.n ()n Ht, nn'xt several paics [III- ohiutp ut is s~h .&,

'M th( stubsequc.n: = a S,..

2. 2. Irlipu' Shtb''s
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2. 2.2 Out put
ofic list tso, 101016.1OV,.Ails.

1.004410"

669. MID00 1 .00000 off9. 0163.19086 S .00000 off. ANNA* 0.

MACHe 140. 0.40000 43 .00

*S* 4 911 33. 14901 VALUIO. I6

a3 k .0000400 0** .000000 It * .000000 It* .

It 4 .0600.20 X% 7.000000 12* 00000a .

%C 4t 9. I3003. k 141 P0. 9 *8U31

0.0 .8.131q0909f 00 0.64,6604013 00 0.30000000* 03

0.0 0.2S4000000 00 000040m300 00 0.7110000001 00 0.300000001 03

10 606 ItIL114103867 FOR PANEL3 1000

0.0*0040001. 00 0.49%4609SI 01 0.600.20003 03 0.100000009 01 0.400000001 33 O.S01Sz34*I, 03

0.6o3.0o1ov at onoooo 0 31000fO n.11M0040o0 01 4.11066S90* 03 0.6513%3401 03 0.100000001 03

0.%%000000* 01 0.%999*143* 01 0.,1000000[ MI3 O.10000000F 01 0.60000000f 03 0.31300292F 0t

0.0000*4010 03 0.1606600001 (it

O'0000030.i30000000 3 0t 0. 32000OOEak . 04004,01 0.10000000E3 03 (040001000C 03 0.10000000ofa

0.10009fa 0.2000001 0.100WOFa 0.10000fa 0.1000w t 0.300001*

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.00. .0000

0. 0.6 0320E*1 0**29.3

0.4*0000004 030 0.400000 03MET FOR9000 0 IN 0.,00 030

0.42100001fit C.*4?&SOOE 901 903 .SZOGO . 0.10001a

0.071000001IC.LE 03q PAVEL00 03 0.3100000.013 03000*0

0.27OOOOf at O.ZZ9*0*.980. at 34901 OOO at .3.U33 a

33 * 4.000'V0 02 * P0.0000 MO. I MW000000ES *- 0.

It 9.000000 0t 1 0.0000100 VI t .000000 *2 - 0.0

AK I MS - I 1337t - 1 000. 139 PANELS - S

0 Cbo~nwIOE 03VI314U30 FOR 91033.,

0.0 0.500000000( no 0.1300200E0 03

I S614630 $I MVISOION F0 041PANE 2

0.0 0.S000 10000 00 0.100000000 O3

9 0*0 91 33.36*610 *313 PANEL 2-9*

0.400-300001 0t 0.900000001 at 0.100000001 0? 0.92S00000C 03 0.90*000003 03 ".104000000 0F

0.950000000* 01 Q0.910000001 03 0.10O0004000 02

9 0-- 311 fL*9411I O PANE t*3...*6

*3.10000000"1 at 0.300no000 03 ".30000440111 03 0.2000000..~ 03 0.200000001 0M 0.200000001 0t

0.10000000f 03 0.100ODOOOC 03 JO*. O 000010*0

* M3 11.1"690*3 F316 *093*3 P0. 2

0.0) 0.0 0.0 0.00.00

0. 1 0.0 0.0

1 * 0--I.J 1 #36 04 PANEL4(3 2...

0.9119000011 a3 0.401000009 03

C.wIGC.0 96 One 03 PANL 04. 2 .0.00

01.4 9000000 00 0.425000001 00

"06 o I 93. to). I 186911 *33.310

It 2.04 f0 62 10.0000A0 I3 0.0 13 3 .0060000r~C: ,
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II 1.13303.33s* 3.u3j.u. Il* .003000 l 1.000000
'e1 3 14% * 3ultI* I W... O3 '0*3311 . %

to L.3.*324116 UV011111941 out* P0.l3 I

0.03 1. MWVO 30100 33 "
0 1

.1-4000001 00 0.31100000( 00 0.1,0000floo* 00 0.6pb0o*3..*0 00
Q090,o~o . "3'Ooo00, 09 II .U9131`10000 330 O.MV3300001 01

P SPAN.103 01033*001 100 00PANEL I

33.0 
O -0. 3 0000.30 ("

101 .. *** fLtNF fna03* PANE I430 ...

3.10,13000000 03 0.3100000(3Uf 013 0.401lOURo 0* 0.100000003f 0* 0.003000006o 01 0.1100000041 05
'1.40 03,00fl 01 0. 403007looo II O.951013J1004 01 0.30031100001 02 0.2001000001 01 0.500000001 of
0.40OC0ioooo 31 U.10000000i 01 O.4000001300 01 0.100000001 01 0.30O000g004 01 0.*3000,týo 01 O

0.4`1004000f0 01 0~ 0,000M31 01

20 *0* EVA FLf0000*0 FUR3 PANEL **
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 ).3. 0.0 0.0000000130 03 0.100000001 01
0.*000000O0 at 0.100030out 0* 0.103000001 0* 0.*0000000l 01 0.300000001 01 0.100'001,01 01
0. 11"4000"f a1 0.100000W3333 13

0.100000000 01 0.100000093'J 0* 3.*130000ol0 0f 0.100010001t 03 0.100000000 01 ".300000000f 01
a.10OOeOOM 01 0.10O303O.J 413 0.10010104W 01 0.100000001, 0* 0.1000090000 01 0.10001)01000 0f
0.1000000OF 0* n.*000000of 0I 0.1000o0joor 0* 0.30000000* 03 0.*00000000t 0o 0.1U00000000 0*
a.30000 I 1 pDIOnF't .10001 q. ,i0( 03

I ... 03-j 33.000*31 fUO PANEL. I0..

n.20n0100)0 0t

0.4000000(30 0*

*** 040.0EL 1*). 4 *1.0.3 VA~LUE ...

0** .000000 X2 1 0.001310 Vi 1.0300013 It* 1.0100000

2I* .1103000.3 l. * 10.10030,10 Y? * 30013000 13 -1.03)00n

*0 C."Itanflo*0 0*0*0*0031 Foil PANEL1 4

0.0 0.17000013* 00 J.l-0000.300 00 3.1130130000 00 0.S00000100 00 1.6?8000000 00
0. 7s"300000 0n 0.071.000000 00 .3.9315130)00 O0 0.100000001 0*

S3 IWS 00090300 s fog$JN 000 000. 4

0).0 0. O0013*u,1 'IFIII 0.300000000 0*

30 ... It (3.090147 F0R 0011(3 4...

1.2-n000003 03 0. l00000001 01 0.40001001v 0* 0.50000000031 03 0.40010)000F 03 0.700000001 0*
41.003001,30 M 0. 110100)00 0* 3.953000101, 03 0.300000000 01Z 0.P00000003 01 0.10000000t 03
-.40130000k0a0 0. s00000001 03 n.6o0000001 03 0.700000011 01 0.9ol000000 03 0.90000)0003 0*
.9-0000000 01 0. 30000 1 0 .00000133? O? 00oO 0* 0.100000100t 0* 0.410000100 01 0.S0000003ll 01
n.0.01001001 0* 0.70OOO0ofo 01 0.4000.00000( 01 0.900000001 03 0."0000001. 0* 0.100000,101 01

TO *** ETA 33.19(400 F313 PANEL3 4.00
U.3I011000330 M 0.10100400000 03 0.10300000[0 0* 0.10001000C 03 0.1040000003 01 0.1000000of 03

I.3000000.30n03 0.3000)3on00 41 0.31300100011 01 0.101000000i at 0.100000i00 0* 0.300000000 A*
0. 13)0000)03 n03 0.3100000013t01* 0.30"*000100 03 0.30,0000000 03 C.30000000k 0o 4.1.0010000 01
1).3100000000 (11 n. I 0000ont0*1 1.I0,*0000* A* 0. 1 (01130000 0* 0.3131000000F 03 0.1300000001 0*
n. I00n00000 0* 0. 1 030'0-plo 03 0.30)000000 03 0.*00000000 03 0.300000000 0* 0.1000000o0 01

*1 ZEE ftf.04133 r03 PANEL No0. 4

n. 100n0iomaF 3 0. 100-10000013f :at0  I.am-Ol Il .1O600 i 10003no 03 010100000a 03

0.00030 01 6.**1000 03.

0.0 0~~~.03030 00 0. 11 0001)t01 011C36a 0100010 01000f

-0.1300001MOO 01 -0.300000na 01 1* 1000f0 010000 f -. 000010 01000fa

Of 000 ,100*315O *33at *33 0*30 @0 2



* .0002 S* 1.903000 It 1.004404 It * -1.Q000000

CI* 2.43004 a. .0,12 04 vi 0.,1o1 ii I . iou IORR

*O 12 1C %W 2 II A too~. OF 000tsL . %

10 C*CIA403AIC DIVISIURIS OUR POAPO

0.200. tIt Wl V) 1.2M00,J00f 01) U.134W20001 00 Q.40U000001 OIL U.61%00000# D0

0. P.4%003,1l.L 3') 9. 4433*3 .1111-00000 00 0.1000000o1 aL

I 10LO.1iSI GlIM13IlI Pa. PSAMI. 5

.130. 100,1000,111,i

20 ... At ttI.(ISI! FOR PA4f0 45

1.))03 I .. §000'30440* 0I 0.420000400t 01 0.50,000001, at n..~030000604, OP U.?00000001 01

-4. 42.0440O3* 1 L.0000000 J 1 1.1140O30204 it 0.11040000( 0? 0.200OO0O'Jf 01 0. 10000000f aI

I.~.3~i04II 200000*It 0.62040,010L 1)[ ().03010001, 01 0.0301400001 01 6I.Ynn0000001 C

11 .44'j.303 31 0.I1000220QL* 2j

..0 ... (14 kLt%1CIC f135 .&%L i*1

I.23,O03 0 n.L0)OU001, -I 11.1f)1010'001 01 0. 11(10(00031 131 0.L0U20'L100O1 at v.IOL,0002331 01

.I V I), 10i ML 0. 10010230 N 01.104(000001 01 0.LQ0,003020 no 0).0 0.4

Q." .0 0.0 0.0 0.0 0.0

3.2 0.0

20 24kk FtRLOL~fS f321 *04*1. 140. %

.3,10003,)*'L -0.101310004E OR -0.I20333'l~k0* 1 no.O'100 CI *.0000 161 -I).10013n00! 0L

*2.I1041000,130 a1 -f0.103300an)f 31 *0.10)023300 M1 .0.10)20000IJ 01 PO.PMOO2OOF CR -U.IO00310000* C

-0. 10,0202000 .1 -0.100n'L00005 It -0.1100021003 01 6.10.I0l.3000 01 -33.I0Aj000301 aI fl.103L1000lot0*

-0L. 1020000F 31 q'.1200CROU001 a1

I -* 41-j F *LE4fil FnRo V04.11 CO

0.102000033'! 0I

C.6I&3L*0s *31 014*1 .W. S ...

0.2310o0000 III

11 1. ?s ol S2

S.03**1 D 4461*4. ANGLE FOR AL PAWEL$

.20.0 0.1) -0.119994'.04 07 0.111000000C (13

0.44C44.40*F a1 l,.585416?02! .1 0.6l'00IPIF 01 (R.SI?4ll1.* 01 0.*001'.0*?E 01 0.6012.qp11 01

0. 14P4 4924( 11 A. 6 230R4 1 02 1 0.*ICAILA0E OP 0. &a. YA94 If 01 ).4,4?16%IE 01 0.564S832L11 0)

0.94silli0F 01 0.911-0A700l 01 0.06090100* 01 0.4o218shof 01 O.?P4.310000F 01 0.17%00000( OP

n.!4 IS 0ONEi* 0.51soo00001 it 0.&W0900200 0 00??%3300001, a 0."75140010 no 0.941M00000 01

0. 4q M000321 0t 0.11snad02[ 11 3.10331 0.1 sjlfa 0).%?S000000 01 0.571`010001 01 33.1I¶000001 01

1). 1 UI0 1). a 7-.0000000 01 1). qI 40,lont 01 0.4174.00000 C 01 ý. 2 ps"Clf 111 1). 11 s.0300 A3I

0. 41400000*f 01 a. s1000020! 31) 0.61S01000* 0 1 01).1s00 000f aI 0.000000)0* OR n.1 %.4IS400'1OF At

0. 90 MPO)0* 01 n.21l00OG0001 II CP?000*0 0.4?5000000!(1 sI 71.1,13010 01 n.610000001 )I

'j. I11400000P 41 n.87%000303*F J1 0.901403L00! 01 0.911Y5000O* 01

W7 0*l 91-V 1*1901"'OI ALL PAWILS *00

,1.0019164.1E at C.534000674 01 q.61l?40116f 01 fl.401?4933F 01 0.54.t,01930* OR 0.601100000 01

0.511iOOIlp 01 044I1941611P 03 0.6sh10003W 01 0.51141,416111 01 11.6fl03?4? a1 0.641`610004 al

.1. q 4I7 11" d 0.4fil14740! 01 0. -401120 Itz o(I 0.01656M14.01 OP .M)400flft 0)1 0.?0033 1

0.62S0010006 do 0.S1500000f 11 0.62%03'100C01 at 1.12%01000( 01 0.81%1)00001 01 0.912500001 at

- ... , Q(IdOF 33 0.174.000000f 01 O.12000000! 01)1 0.4250000001 .?O4.f atIa ..4I250n001, 01

0. IZ%0"WF0 01 0.01%0000oW at 0.912000001a at 0.9*4160000! 01 0.27-.00060F01 0.1120000001 01

0.400,000mv1 no 0. 14.00000T it 0.4Z100"O00 at 0.17ps.00000 01 0.P?%4000001 01 A. 4P1.002401 01

0.61 11004'If(11 0. 7110400003* do 0. 100033400! at 0..2110040000 01 0.%P"023001 01 0..5?00060f0 01

manl04000 no 0.04p003303' of 0.91?qn0001 ON 0.4611900001' 01

41 ... KIl*L..Lfm4*40C ALL RAW LS

cl.142911% Ft I Ot 74"91P4E At 0.4.00* at A.'.101031111 a] 0.4.l4.4 CI .61PO4000 01

1). sh,44461* 1 OP 0. 5`11)121* toa 0.611000000*I OP 1. s004961 901a 0.61.2040019I 01 0.6475.00030t 01

flII11 Ison05 4It 0.'414.000330 03 0.414 190 LIPn a 0.4 it 4 000l t 4. s"0f 01 0.219000* C C 4pN ooo do

'1.4PV'f1IlAF (11 11. Slif00000 01] 26'030E 041400000*a OR 0.521000001 01 0. 11141)(001 aP

11.94;,144P0`1 11 1).114.033000 01 4. 12,111"000 0P to.61%toana0t O 0.% ?Sa'40033# At 0.0"M.004001 OP

0.V0'O"Ont At 0. 4ps400000 'II 4.911400001 atI ft1000 R1 .?1lqa3mftl no 0.114000"ar 01

0. 67-loo-IOC 31? 0. qY10OCLW o 0.04000 tit 0. fl400flaor OP 0.4"0011501 At atII.004O

n.9*1Rj4400 I)# ft. p714.0000 of 4.11,400400f* OP n.6190034AAA At "I79.044 331 l.*4100

d. F!1O401P00 do 0.61900,400! aP 0.912,10001IF at n.96?40400 CI
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G.t4oebimmm OR 6.b g e .651sesoe 01 OM666.AIIm Om 0.eIMeIle at S.&S00009H am
0.6%*j em 0.6114*011 am 0.66,1111004 U8 0.60eeuuim, em 0.166~ 1660 $I

a~S3~0 t 4.1,m41s".14 em 0.00AeISOOoq em 0.10411,0841 01 0.8110000of 01 .foOte
*Iaooeo em .U140oeec Om o.6aosooo. a 0.111100040 01 0.01e" I *at ei e.ItISeeee. em

0.96,1104001 at 4.11oogooe em 0.62SOeeeoo e& OejOtnh0 0.61flatlee .S000Oe At 0.6111441041 em

0.#410000 f00e em 0.11%0000011 at 0. 10 ooee 0m 0.41Ozeeeee 0m 0.48S16of e Ie em e.,m'saeoee 01
o.eej,oe00o at 0oaaceeeegc 01 0.mokisoolle 0m o.961oooooe ematlcoeci e~~oee

'Ll *#a -V- etimm. F0e ALL 0c~mw *A

0. 1 Oeeeetol e 0.mo@00e0oc em 1.1SOO~t* 0. 71,0oeeeee em 0~eooo .1%00o0e'0# em OaISOODOOfe em
0.ioee"omio em o0~~mcc. MWO m 1 11. MAIOeOfi 01 0.6%,0o064f at O."DeOOeO, em 0.41,0000001 08
O.mooocoWE em 0.m1eS1000001 11 4.1%40o0001, em 0.2s"000e061 0.$0000000# 00 O.S011eoooo, 00
O.101100000m 00 O.ibooo"Ono 00 0.16coooiom -W O.oooeooco 00 0.%000000009 00 0.0008000
0.100 00001, 00 0.100oo0ooc it 0.1030)0000 01 eliolooeeooe am o.tuoutoooe, 0m 0.1o0o0e0em 0m
U.%013400001 At 0.mao00,30000 em 0.itoeMOeOe em omcooem 0.10000 t A OO00"Imt at 0.1mooeooeom em
0.mojeo 0a ogmoo ecoao0 0000I 41 e.mooguoooi 0m 0.m0009000( em 1).me e em0000f0 0. 1O')Occof 01

OR0U00) OCi OO~t .000,000 0.S00 000060 0-i e.ScJQooeefC 00 .SO'Icecoeo 00 e0.00000001 no
0.%0001000tm no o0cecolMocc 0.) ".%ooooooe"00f t 0.OMOeoeoo 00

II? *** IT40 MILcokS it P AWoLS *...
O.M000oc0o 0m 0. [$00,10'M at 0m.11,40"006 Om e.1"Ooooeo 01 2 $600 104, 01 0. Ieccojouf 0m
0. 10"000001 at ).ooooic. I %0000091, 01 0. 100000008) Ot O" CiOFa 0&1500040010 at 0.4co0oeeooe em
1). 1mcIMo00oo at 0in. 800000001 em pOnaocot, el 1m o.i.oeec mooooof t 41500cor 00 Q.00160301le 00
0.i000000009 810 O.MOcceoo 00 0.100000030k 00 0.00000000 00 0.10008003,1F 00 0.5000000000 00
0.S00000008 00 0.3000n0000 01 0.100000)(1k om 0.100100001 01 0.10000000, t 0 0.1010000010 01

0.10e0a OFOf 01 O.muoOeeeco em 0.100000OFc am 0.10000000c 0m 0.13000000f01 em .meo00ofeo 1I

"O.100'11 fat 0.00000 * 01 0.Ofo00m0 .0000000o 00 0.kOooeoeOO 00 0.100D0000)0 00 0.10000000C 00

0.1001)00001 n0 c.OOOOeOOcO ee O.000000301 30 0.50000004F 00

I-J** "0 l E141q0 ALL PANIO 0.
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2.3 Blank and Labeled Common Blocks

2.3.1 9Bahk Common Block

Item Mnemonics Dimension Symbol Source Description/Equation
No.

1 NCNSM1, PART 1 Total number of boxes
NBOX* (points) on all lifting

surfaces (panels)
N

(nc,-i) (ns.-l),

where Ni= NOPAN
number of panels

NB MAIN Total number of bodies -

input

3 NDELT MAIN Symmetry flag - input

4 NDATA, MAIN Data flag - input
N3

5 NO)PAN, MAIN Total number of panels -

NP input

6 IQ r initialized Index of receiving point
in MAIN,.
used in

7 IR s PART i Index of sending point

8 JSPECS, MAIN Second symmetry flag -
JSP input

9 FMACH, M MAIN Mach Number - input
M

10 NCARAY 20 PART I Array of the number of
the chordwise divisions

for all panels

A ,lash through the 0 indic-ates the letter 0 rather than the number zero.
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ItemNo. Mnemonics Dimensron Symbol Source Desc ription/ Equation
No.

I I NSARAY 20 PART 1 Array of the number of
the spanwise divisions
for all panels

12 NBARAY 20 nba. PART 1 i
1 nba. = . (r.c-1) (ns -1),

where ij 1, N0PAN

13 ACAP, A, S MAIN Reference area - input
REFARA

14 B2, b/2, s MAIN Reference semi-pan-input
S

15 FL, E, 2b MAIN Reference chord - input

REFCHD r

16 BETA MAIN p 47 , where

M z Mach Number

17 PI MAIN Tr 3. 1415926,built-in constant

18 KR, k MAIN Reduced frequency -

RFREQ rinput as RFREQ(20)

19 KRDBR k /b MAIN Normalized kr r r

20 GMA 50 Yi PART 1 Array of dihedral angles
for all panels in radians;

iz: 1, N0PAN

21 X 400 x PART 1 Array of x-coordinates
of receiving points
(3/4 chord point of box) -

see sketch or. next page.
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Ix, y$ 1.)

Sketch 2. 3-1

Item Mnemnonics Dimension Symbol Source De sc ription /Equation
No.

22 Y 400 y PART 1 Array of y-coordinates of
receiving points

23 ZZ 400 z PART 1 Array of z-coordinates

I of receiving points

24 ZI 400 PART 1 Array of
x-coordinates

of
25 P1 400 PART 1 Array of inboard

e y-coordinates sending
points

26 ZZ1 400 PART 1 Array of
-~z -coordinates

Z 7 Z2 400 e2 PART 1 Array of
x-coordinates

of
2840 ,ART 1 Array of outboard

V-coordinatcs sndn
points

29 ZZ2 400 e2 PART I Array of
7.-coordinates
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No. Mnemonics Dimension Symbol Source Description/Equation

30 EV 400 tv PART 1 Array of
x-coordinates

of
31 PV 400 qy PART I Array of center-

y-coordinates line

32 ZV 400 ýv PART 1 Array of points

z-coordinates

33 SDELX 400 Ax PART 1 Array of average
chordlengths of all boxes

34 DELY 400 ay PART 1 Array of box widths.

See sketch above for
items no. 21-34.

The Blank Common is used by the Il1owing
subroutines of the program. MAIN, PAi-V"I I , GENQ,
AUGW and PARTZ.
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2. 3. 2 Labeled Common Blocks

Common Source User Subroutines
Name

/B9DY/ PARTI GENQ, AUGW, GENF

/Mq@DE/ GENQ AUGW

/DLM/ KERNEL INCRO

/NTPS/ MAIN GENB. GENW, GENQ,

PARTZ. SSLECX, CXSS,

AIC, AERV), FINAL, GENF

/PlGW/ PARTI GENB

/XXZ/ PARTI FINAL, GENF

/XYZ/ PARTI GENQ, AERO

/YZY/ GENB AtKRO. FINAL

The following is a detailed description of the contents of each

labeled common block.
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CommonName Mnemonics Dimension Symbol Source Description/Equation

RO 100 R FARTI Body radius distribution

BODY ROP 100 R' PARTI x-derivative of body
oj radius distribution

NB'A 20 nbv. PAR'II I

1* ISnbv. (nf -1,

whc re nf. is the number

of body (,ndpoints for th(

i-th body: i 1, NB

Mntemonics Syvin)ol Dfesc ript ionNan• e

N8(80) Flag for s!oanwvise variables

NARQ(80) NA Number oif ARQ valu's for all
panels a'idi n,odces

MJ)DE 1,ARQ(120, 2 N. M) Array of subscripts of all
ARQ's

ARQ(120) ARQ Array of ARQ's

11(400) fhi matrix

DHI (400) Idh/dx 1 dh/ dx) mat rix input for
2 2 h 2 spe( ial

M 112(400) [0) Pi hdx [d h, dx tvma rix &aQC-q only

See Input l)ata, Sec 2. 1.2
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CommonName Mnemonics Symbol Source Description/Equation

KlO K (Plana r the steady
part of contribution

-to the Kernel

KZO K Nonplanar
part of 4

KIRTI RIK 1  R! (AEI) TII

KIITI InlK Imn (AKI) T Unsteady
MINIL part of

Kernel

F.-1RT211 TF Rf (A1K) 'I

2 2F121 121 ImF,.Z Im (AK~z "IT 2

F 10 TI KIs) TI

K2012T1 K (s) T*
22

2 CIN("R t semi -width of

sending box
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Common Mnemonics Dimension Symbol Source Description/Equation
Name

NTPl Variable names for

NTPZ logical tape units
used in program.

NTP3 For present assign-

NT P4 ment of units see
Sec. 2.4 (Logical

NTPS NTP3 MAIN Tape Units)

NTP6

NTP7

NTP8

NT P9

NTPI0

CTI 20 ( Array of chord-

lengths for inboard

edge of all panels;

I - 2  I

I P1GW IPAR' I Array of chord-

CT2 20 IC lengths for out-
I board edge of all
I panels; C X - X

TS 50

av g1

whe e r( is the !-th

fractional spanwise

'civisimin of panel:

1. NY'] R(IP

__ _ _ _ _I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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o ~Name Mnemonics i Dimension Symbol Source Description/Equation

XOC 400 x/c x-location of load points
as a fraction of local
chord

XXZ - PART I
Xi 50 le x-coordinate of leading

edge for center of
strips

YS 50 y-coordinate of

centerline of strip

DEIYS 50 Ly for strip

ZS 50 z-coordinate of center-
line of strip

XYZ DELZS 50 PARI I Az for strip

R ivevmA 50 Dihedral angle for
strip, in radians

CWIG 50 Average chord length
of strip

XIA* 50 (Alternative 01 AIC)
Elastic axis (A1,T, k2)

Lo,'ation of first
control point.

XiA* 50 Location of third control
[ point.

X A 50 CfENB I ocation of rotation
I Iaxis for curitrol surfaceYXY f X A* 5) l..ocation of rotation

XAaxis for tab

XZA* 0 L lOation of so( ond
cont rol poir.t

* All coordinates given in fractions of local chord
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2.4 LOGICAL TAPE UNITS

Tape Number

Symbol Present
Assignment User Subroutines

NTPI I MAIN, GENQ, PARTZ, SSLECX, ScLVrT,
QUAS, FUTSOL

NTPZ i3 MAIN, QUAS, FUTSOL

NTP3 3 MAIN, GENW, GENQ, SSLECX, CXSS,
S)LVIT, QUAS, FUTS0L, AIC, FINAL, GENF

NTP4 4 MAIN, GENQ, CXSS, S0LVIT, QUAS, FUTS0L
NTP7 12 AUGW,GENF
NTP8 8 MAIN, GENQ, QUAS, FUTSO)L

NTP9 9 MAIN, GENQ, SOLVIT, QUAS, FUTS)L,
AIC, AER)

NTPIO 10 MAIN, GENB, GENW, CENQ, SSLECX,

CXSS, AIC, FINAL, GENF

LTAPE II QUAS, FUTSOL

MTAPE 7 GENQ

NAT NTPZ QUAS. FUTSOL

RHSTAP 4 QUAS, FUTSOL

Logical tape units 5 and 6 are used throughou the program as the

standard READ and WRITE units respectively.

Logical tape units MTAPE, NTP9 and LTAPE can be specified as

master tapes. MTAPEcan be used as modal input tape for special cases;

see 2. 5.6.4 for pertinent information. NTP9 is used for saving the AIC

supercolumns when this is desired - see 2. 5. 19.6. LTAPE contains the

quasi-inverse matrix for future solutions of cases with new modes only -

see 2.5.17.6.
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2. 5 DESCRIPTION OF SUBROUTINES

Program I17WC is operational on the IBM 7094 and 360/65. and the

GE 635 computers. The main part of the program controls all the twenty-

one subroutines of the program: PARTI, GENB, GENW, GENQ, AUGW,

TKER, PART2, INCRa KERNEL, IDFl, IDF2, SNPDF, SSLECX, CXSS,

SbLVIT, QUAS, FUTSOL, AIC, AERO, FINAL and GENF. The following

is a description of each of the subroutines in the order of their use within

the prugram.

2. 5. 1 MAIN

Functional Description

The MAIN part of the program reads the header card for each data

set, the Mach number, the reference area, the reference semi-span

and the reference chord as well as the control flags that define the various

types of cases. MAIN also reads the array of reduced frequencies, and

in case of an AIC-type analysis, additional control data is read, as well

as the gust data, if computation of the harmonic gust coefficients is also

desired. In case of a modal-type analysis, the control data is read for

the modes to be used. DT-pending on the type of the case, MAIN selects

the appropriate subroutines in an overall frequency-loop, except for

PARTI and GENB (latter in case of AIC's only), which .are independent

of the reduced frequency.

The following is a summary of all data items used in MAIN, grouped

according to their source. Detailed description of each input data item

is given in Sec. 2. 1.2. Other data items are described in Sec. 2. 3

(Contents of Common) and/or Sec. 2. 4 (Logical Tape Units) as indicated

be low.

Data from Cards

FMACH, ACAP, FL, B2, NDELT, NP, NB, NRF, NCORE, Nl,N2,

N3, N4, RFREQ(20), NSTRIP, NB]. NB2, NPRI, NPR2, NPR3, JOBN0,

JOBN02, NGUST, JSPECS, NPC, NSV, NBV, NYAW, GZRO, XZRO,

VEL, WG, LIM(50, 3), NMD, NTA, N5, N6, N7, NTPL, NTPM, NMTP,

NMTB •

See Sec. 2. 1.2 for description.
48
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Data from Common

NCNSMIo NCARAY(20), NSARAY(Z0). NBARAY(Z0), GMA(50),

X(400), Y(400), ZZ(400), ZI(400), P1(400), ZZI(400), ZZ(400), P2(400),

ZZZ(400), EV(400), PV(400), ZV(400), SDELX(400), DELY(400) -

from Blank Common.

YS(50), DELYS(50), ZS(50), DELZS(50), FGAMMA(50), CWIG(50) -

from Common /XYZ/.

XlA(50), X3A(50), X5A(50), X7A(50), XZA(50) - from Common

/YzY/.

XOC(400), CWIG(400) - from Common /XXZ/.

CTI(20), CT2(20), TS(50) - from Common /PlGW/.

RO(100), ROP(100), NBEA(20) - from Common /BODY/.

K10, K20, KIRTi, KIITI, KZRTZP, KZITZP, Klorl, K10TZP,

EZ - from Common /DLM/.

See Sec. 2. 3 for details.

bata from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION
NAME

AUGM(530) [Aww] NTPl Matrix of complex downwash
factors, read one row at a time.
Dimension of matrix is NBOX x
NBOX.

WQ(1 30) [W q] NTP3 Matrix of complex polynomial
mode right-hand sides, read one
row (of length NMD) at a time.
Dimension of matrix is NBOX x NMD.

NTPOLD LTAPE Identification number of case for
which the quasi-inverse of the matrix
of downwash factors was saved on
LTAPE in a previous run. For
special cases only.

See Sec. 2. 4 for present assignment of logical tape units.
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Data to Common

NB, NDELT, NDATA, NOPAN, IQ, IR, JSPECS, FMACH, ACAP,

B2, FL, BETA, PI, KR, KRDBR - to Blank Common.

NTPI, NTP2, NTP3, NTP4, NTP5, NTP6, NTP7, NTP8, NTP9,

NTPIO - to Common/NTPS/.

See Sec. 2. 3 for details.

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION
NAME

NTPI LTAPE Identification number of current
case, used to identify the quasi-
inverse that is to be saved on
LTAPE. For special cases only,
when the input data N5 is set to 1.

AUGM(530) [A'wWJ NTP4 Augmented downwash matrix:
matrix of downwash factors
augmented by the matrix of poly-
nomial mode right hand sides
written one row (of length NBOX +
NMD) at a titfie. Dimension of
matrix is NB0X x (NB%)X + NMD).

2. 5.2 SUBROUTINE PARTI (JCUM, C0EFP.C0EFB, YIN,

Functional Description

Subroutine PARTl reads the geometry input of the idealized air-

craft, the desired number of spanwise and chordwise divisions per panel,

and the fractional location of the division lines. The panels are subdivided

into boxcs, and arrays of coordinates are generated for all boxes of all

panels. In the case when body interference is also desired, PARTI reads

the geometry data for all bodies and gene-ates the necessary body-

coordinate arrays. The computed arrays are made available for sub-

sequent calculations through the Blank Common block placed in the

0I
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appropriate user subroutines. Additional items of computed geometry

are transmitted lo MAIN via the argument list of PARTI, and to several

other subroutines via the Labeled Common blocks /PIGW/. IXXZ/ and

t /xYz/.

Data from Cards

XCAP(4), YCAP(Z), ZCAP(Z), NC, NS, C0EFP(ZO), TH(50), TAU(50),

ZSC, YSC, NF, NZ, NY, COEFB(20), F(50), RAD(50).

See Sec. 2. 1.2 for details.

Data from Common

NB, NDELT, NDATA, N0PAN, IQ, IR, JSPECS, FMACH, ACAP,

B2, FL, BETA, PI, KR, KRDBR - from Blank Common Block.

See Sec. 2.3 for details.

Data from Tapes

None

Data to Common

NCNSMI, NCARAY(20), NSARAY(20), NBARAY(Z0), GMA(50),

X(400), Y(400), ZZ(400), Zl(400), P1(400), ZZI(400), ZZ(400), PZ(400W,

ZZZ(400ý EV(400), PV(400), ZV(400), SDELX(400), DELY(400) - to

Blank Common block.

YS(50), DELYS(50), ZS(50), DELZS(50), FGAMMA(50), CWIG(50) -

to Common /XYZ/.

XOC(400), XIJ(50) - to Common /XXZ/.

CTI(Z0), CTZ(20), TS(50) - to Common /P1GW/.

RO(100), ROP(100), NBEA(20), BGMA(Z0) - to Common /BODY/.

Data to Tapes

None
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Data in Araument List

MNEMONICS SYMBOL DESCRIPTION/ EQUATION

JCUM, Number of strips on all panels

NSTRIP

COEFP(20) Array of panel-coefficients -

input

COEFB(ZO) Array of body-coefficients - input

YIN(20) Array of y-coordinates of inboard
edge of panels

ZIN(20) Array of z-coordinates of inboard
edge of panels

2. 5. 3 SUBROUTINE GENB (EV, SDELX, DELY, X. NSTRIP, BETA,
IMX. NPC. NP, NSARAY, LIM)

Functional Description

Subroutine GENB reads the AIC-type mode flags for all panels of

the lifting surfaces. It also reads the array of fractional chord lengths

for the various control points and hinge line locations at the inboard edge

and at the outboard edge of each panel. Subroutine GENB computes arrays

of coordinates to be used in GENB and GENW and saves them on logical

tape unit NTPl0. Depending on the setting of the flag NPC (input data),

subroutine GENB computes the integration matrix [B] according to Alter-

native I (NPC = 0) or Alternative 2 (NPC = 1). (See Eq. 2.5-12, Pt I, Vol I.)

The [1] matrix is saved on logical tape unit NTPI0 in a partitioned format,

and is used in subroutine AIC for the computation of theAIC supercolumns*

and harmonic gust coefficient columns, when latter is also desired.

Data from Cards

N0P(20), IS(20, 7), XIIl (20, 7), XHi (20, 7).

A supercolumn of a matrix is a matrix-column whose elements are the
columns of the original matrix taken in order; i. e. . the second column
is below the first, the third column is below the second. etc.Z A square
matrix o! order N becomes a supercolumn matrix of size N x 1.
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See Sec. 2. 1.2 for details.

Data from Common

NTPI, NTP2, NTP3, NTP4, NTP5, NTP6, NTP7, NTP8, NTP9,

NTP10 - from Common /NTPS/.

CTI(20), CTZ(Z0), TS(50) - from Common /PIGW/.

Data from Tapes

None

Data to Common

XIA(50), X3A(50), X5A(50), X7A(50), X2A(50) - to Common /YZY/.

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION
NAME

NSTRIP Total number of strips on all
lifting surfaces (panels)- input data.

NSIZB(j, 1) Number of AIC-modes for
strip j

NSIZB(j, 2) Number of boxes in strip j

NSIZ B(50, 2)

LIM(50, 3) Aerodynamic box limits - input
NTP1O

XISLCT(50, 10) AIC-type modal flags - input

XH(50, 7) Array of AiC-type reference
coordinates

X(400) x)
LX(400) AX See Blank CommonSDELX(400) Ax

B(30, 10) [B] Integration matrix for the
Aerodynamic Influence
Coefficients (AIC's).
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Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

EV(400) rlv

SDELX(400) Ax See Blank Common

DELY(400) Ay

X(400) x

NSTRIP Total number of strips - input

BETA See Blank Common

IMX Maximum number of rigid body
modes for case

NPC Camber flag - input

NP, NOPAN Number of panels - input

NSARAY(Z0) Array of the number of spanwise
divisions (NS) for all panels

LIM(50, 3) Aerodynamic box limits for all
strips - input

2. 5.4 SUBROUTINE GENW (KRDBRNCSFT.,NPCNGUSTWG.
GZR•b. XZRM0

Functional Description

Subroutine GENW computes the AIC-type substantial derivative

matrix, [W] described in Sec. Z. 5. 1* . Depending on the setting of the

flag NPC (input data), the [W] matrix is computed according to

Alternative 1 (NPC = 0) or Alternative Z (NPC = I). The matrix is saved

for subsequent calculations on logical tape unit NTP3 in a partitioned

format, described in Sec. 2. 5. 2•. In the case when computation of the

harmonic gust coefficienL, is also desired, subroutine GENW also coniputes

the gust downwash veLtor, and saves it on logical tape unit NT P1.

*See Part I, Vol I
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f

Subroutines GENB and GENW are used only if an AIC-type

analysis is desired.

Data from Cards

None

Data from Common

YS(50), DELYS(50), ZS(50), DELZS(50), FGAMMA(50), CWIG':(50) -

from Common /XYZ/ .

Contents of Common /NTPS/.

Data from Tapes

NSTRIP, NSIZB(50, 2), LIM(50, 3), XISLCT(50, 10), XH(50, 7),

X(4001 SDELX(400) - from NTPl0, written in GENB.

Data to Common

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION
NAME

GRHS(400) 1 Gust right hand sides (downwashgust vector) W cos(r -*i).
kr gusti g 1

exp(-i r (x i-x ) ), where

NTP3 r g gust field declination from
the vertical - input

Y z dihedral angle of lifting sur-
face at point i

k r reduced frequency - input

b reference semichord
r

x - x-coordinate of downwash
I point i

x gust reference coordinate -

input
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MNEMONICS SYMBOL TAPE DESCRIPTION
NAME

W(30, 10) [WAIC] NTP3 Partitioned AIC-type downwash
matrix. See Sec. 2. 5. Zl.

Data in Argument List

MNE M ONICS SYMBOL DESCRIPTION

KRDBR k /br r

NCSFT(6, Total number of boxes on all
NBOX panels

NPC Camber flag

NGUST Gust flag

WG W Harmonic gust amplitude
g !input

G ZRO rg Gust angle of declination

XZR0 x Gust reference coordinate

*See Part 1. Vol I
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2.5.5 SUjBR.aUT~tIE GENQ (N4. N5. N6 D.S...NMTP ' NMTB. NlCORE. KDO)Z, YIN.
', ZIN, CO)EFP. COEEB[)

Functional Description

Subroutine GENQ generates the normalwash boundary condition for

all lifting surface elements. It also generates the integration matrix used

to obtain the generalized forces. The normalwash w. (r ranges over all

lifting surface box receiving points while i ranges over all modes) is written

ontape rowby row (r = 1, i= I,Z,...,NMD, r = 2, i= 1,2,...,NMD, etc.)

to facilitate its use with subroutine S0LVIT. However, if the number of

modes times the number of unknowns (NC0RE) exceeds the size of the work-

ing array in S)LVIT, and/or if the input flag N5 is set to 1, the W matrix is

written on tape in column order, preceded by the number of modes (NMD),

ready for use by subroutines QUAS and FUTS0L. The integration matrix Bri

is written on tape in column order.

The formula for w used is given by equations 2. 3-2*and 2. 3-tfor

cases without bodies, and by equation 2. 2-13*for body cases; the contri-

bution of the body effect to the normalwash, WBr, is computed in sub-

routine AUGW, which is calleQ from subroutine GENQ for body cases only.

wBr is computed one column at a time, and is transmitted to GENQ via

the argument list of subroutine AUGW. The total normalwash matrix for

body cases, (Wr - W'bri, is then written on tape in either row, or column

order depending on the size (NC(RE) of the problem and/or on the setting

of the input flag N5.

Data from Cards

NR. NQ, NARQ(80), N8(80), LARQ(IZO. 2) and ARQ(I20) for

standard polynomial cases (N6 = 0).

When modes are input from cards (N6 2 2), the data input from

cards are:

NBOX, BQ(400), H(400) and •Hl(400).

*See Part I, Vol I
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Data from Common

Contents of Blank Common and the labeled common blocks

/NTPS/ and /BODY/.

Data from Tapes

N6 7 0 cases:

None, if NRF = I. If NRF > I and JRF> I (see Sec. 2. 5. 5. ), the

following data items are read from tape NTPIO:

BQ(400), N8(80), NARQ(80), LARQ(120, 2), and ARQ(l20).

N6 = I cases: modes are input from tape as follows.

NBOX. BQ(400), H(400) and DHI(400) from tape MTAPE; present

assignment is NTP8 = 8.

Data to Common

N8(80), V-JRQ(80), LARQ(lZ, 2), aNnd ARQ(120),
H(400), .11(400) and DHZ(400) to common /MODE/.

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

BQ(400) [Bq] NTP10 Integration matrix for modal
analysis written in clAunin
order. Dimension of matri.
is NTOTxNMD, where NTOT
is the total number of elements
(; ýý NTOT = NBOX. f there
are no body elements, and
NTOT = NBOX + NBE otherwise.
where NBE - total number of
body -l':nivn'gl.

NMD NM I NTP4 Nunmb-'r of modet: written only
J.f ',!• I and for NCORE ' 4000
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MNEMONICS SYMBOL TAPE DESCRIPTION

WQ(400) [W J NTPW Matrix of polynomial mode right
q hand sides (normalwash).

Dimension of matrix is NBOX x
NMD. The matrix [W I is
written on tape in rowrder,
unless N5 1 1, and/or
NC0RE a 4000; in latter case,
(W ] is written on tape in column
orc~r.

Note that NTPW = NTP3 in case
of row order, and NTPW = NTP4
in case of column order.

BQ(400) [B q The following items are written
on tape only if more than one
reduced frequency is prescribed
for the case (NRF>I).

N8(80) NTPB
See Input Data, 2.1.2

NARQ(80Y NA

LARQ(120,2) (N,M) Note that NTPB = NTP2 for cases
without bodies, and NTPB = 10

ARQ(120) ARQ for body cases.

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

N4 Print flag - input

N5 Flag to save quasi-inverse - input

N6 Modal input data flag - input

NRF Number of reduced frequencies for
case - input

JRF Sequence number of reduced frequency
currently used in the frequency do-loop
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MNEMONICS SYMBOL DESCRIPTION

NBE Total number of body elements

NMD NM Number of modes - input

NMTP MP Total number of ARQ - values for
all panels and modes - input

NMTB MB Total number of ARQ - values for
all bodies and modes - input

NCORE Total number of unknowns for case -

input

KDOZ KD/Z 4000 - built in constant (MAIN)

YIN(20) Yl Array of y-cooi .inates of inboard
edge :;i panels

ZIN(20) Z1 Array of z-coordinLes of inboard
edge of panels.

C0EFP(20) Array of modal coefficients
coef for panels See

COEFB(20) ) Array of modal coefficients 2

for bodies

2. 5.6 SUBROUTINE AUGW (NMD, NBOX, NBE, NMTB, N4, N6,
NRF. JRF, J. COEFB, ASUjM

Functional Desc ription

This subroutine gives the incremental normalwash, WBr, at all

lifting surface boxes, r, due to the axial singularities on all bodies, B.

Slender body theory is used to obtain the strength of the axial singularities.

The formulae used in this subroutine are given by Equations(2. 2-8)through

(2. Z-10't The incremental normalwash values, WBr, are transmitted to

subroutine GENQ via the argument list under the mnemonic name ASUM

one columr. (for one moae) at a time. This subroutine also computes the

inte-rat;on matrix of all body elements for the calculation of the generalized

fo.. x f jr body cases.

Subroutine AUGW is bypassed for data without body elements,

*Se. Part I, Vol 1 60



Data fromr Cards

None for the special case when N6 = I (data input from tape MTAPE).

For standard polynomial cases (N6 = 0) data input from cards is

same as for subroutine GENQ. except that data is now read for body elemeŽnts

instead of panel boxes.

Data from Common

Contents of Blank Common, and the labeled common blocks /BODY/

and !MODE/.

Data from Tapes

None for standard polynomial mode cases. For the special case

when the modal data flag N6 = 1, the following data items are input from

tape:

MNEMONICS SYMBOL TAPE DESCRIPTION

NBE Number of body elements

BB(80) [B ] Integration matrix for the
NTP8 body elements

H(400) [h] [h I matrix

DHl (400) [dh/dxl [dh!Axl m•trix

22 ]ma2ri
DHZ(400) [d h/dx [d hkix2  matrix

The above three matrices
are read in column order.
Dimension of matrices is
NBE x NMD.

Data to Common

None

L 61



Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

BB(80) B NTP8 One column of the integration
q matrix for body elements

written on tape for one mode;
length of column is NBE.

fhe tollowing items are
written on tape only if more
than one reduced frequency
is prescribed for case
(NRF > 1)

N8(80) N8

NTPB See Input Data 2.1. 2

NARQ(80) NA

LARQ(120, 2) (N, M)

ARQ(120 2) ARQ

Data in Argument List

MNEMONICS SYMBOL DESC RIPTION

NMD NM Number of modes input

NBOX Total number of boxes on all
lifting surfaces

NBE Total number of body elements

NMTB MB Total number of ARQ values
for all bodies and modes - input
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MNEMONICS SYMBOL DESCRIPTION

N4 Print flag for writing the
[APZII [APY] matrices

N6 Modal input fia.g input

NRF Number of reduced )
frequencies for case

JRF Sequence number af current
frequency in the frequency
do-loop

Sequence number of current
mode in modal do-loop

COEFB(2O) coef Array of scale factors ft r
body deflection modes.

ASUM(400) Incremental [W] due to body
inte rfe rence

2.5.7 SUBROUTINE TKER (XO, YO , ZO. KR, BR, GAMS,
GAMSIG, KKR. KKI, FMACH)

Functional Description

Subroutine TKER evaluates the total unsteady kernel for one

receiving-point/sending-point combination for body cases only. (See Eq. A. 5.)*

Subroutine TKER is essentially the same as subroutine KERNEL, except

that the total, rather than the incremental oscillatory kernel is computed
here, and that the planar and nonplanar parts of the kernel are not separated.

Subroutine TKER is called from subroutine AUGW; it is bypassed in the case

when the input data contains no bodies.

Subroutine TKER uses no card-, tape-, or common-data input or

output; data transmission to and from TKER is done through its argument

list.

*See Part I, Vol I
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Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

X0 x xi -

Y -j See Blank Common

zo zo zi .

KR kr Reduced frequency

BR b Reference semi-chordr

GAMS Dihedral angle, of sending point j

GAMSIG Y Dihedral angle of receiving point i

FMACH, M Mach Number
M

2
E2 e , where e is semi-width of

sending box

KKR Real part of total (steady +
unsteady) kernel

KKI Imaginary part of total kernel

2.5.8 SUBROUTINE PART2 (NYAW, NBV)

Functional Desc ription

Subroutine PART2 is used for the calculation of the matrix of

downwash factors, [D]. (See Eq. 2. 1-14.*) It prepares the arguments to

subroutines SNPDF and INCR,, which do the actual computation of the

downwash factor elements, and calls these in a do-loop for all boxes of

all lifting surfaces. The steady part of the downwash factor elements is

computed in subroutine SNPDF, and the incremental oscillatory part in

subroutine INCRO; the call to INCRb is bypassed for steady cases (k r = 0.0).

Subroutine PART 2 also accounts for the effect of the (two) symmetry plane(s).

Data from Cards

None

*See Part I, Vol I 64
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Data from Common

Contents of Blank Common, Common /NTPS/, and Common

/DLM/.

Data from Tapes

None

Data to Common

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

AWW(400) Matrix of downwash factors
I [AWW]' NTP1 written on tape in row order.
I Dimension of matrix is

AWWI(400) [ NB0X x NB0X.

The real parts of the matrix
elements are called AWW in
the program, and the imaginary
parts are called AWWI.

Data in Argument List

NYAW - yaw flag

NBV - number of boxes on vertical panels
I input in MAIN

fin ) of T-tail case:

.2. 5.9 SUBROUTINE INCRO (AX, AY. AZ, AXI. AYI,.AZI, AX2, AY2,
AZZ, GAMS. GAMSIG. LHS. IR. I0. NBXS.
NCPNB. NDBLE. NBV, DELR, DELT, FL,
BETA, SDE LX, DELY, KR)

Functional Description

Subroutine INCR0 prepares the argument for the subroutines

KERNEL, IDFl and IDF2. It calls subroutine KERNEL to compute the
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incremental oscillatory part of the kernel, K, for each

receiving-sending box combination at the three points of the bound vortex . *

segment: at the center (Kc), at the inboard point (Ki) and at the outboard

point (Ko). Since even a relatively small case requires many kernel

computations (e.g. , a wing with 100 boxes, in symmetry, requires

IOOx300x2 = 60, 000 kernel values), extra programming effort was made

to save on computing time. Neighboring strips within a wing panel have

a common kernel on the common boundary; this fact is utilized in INCR0

so that the computing time of the kernels is reduced by about 30 percent.

After the triplet of kernels, (Kcp Kit Ko), is obtained for one

receiving-sending box combination, subroutine INCRO computes the

coefficients of the parabolas for the numerical integrations done in two

parts. The planar part of the integration is done in subroutine IDF1,

and the nonplanar part in IDF2.

Subroutine INCR0 uses no card-, or tape input or output;

transmission of data is done through its argument list and the labeled

common /DLM/.

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION/EQUATION

AX x x -0 V
AY yo y- "v

AZ z° z - ýv

AXI x - gel

AY1 - nel See Sec. 2.3. 1

y "(Blank Common)
AZI z - ýel

AX2 x " 4e2

AYZ y q ,-

AZ2 Z 2
L-z
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MNEMONICS SYMBOL .DESCRIPTION/ EQUATION
Ii
GAMS yr Dihedral angle of receiving point i

GAMSIG ye Dihedral angle of sending point j

LiIS Flag; 0 when effect of right wing is
computed, I for left-wing

IR Index of sending point

I0 An index running from I through
NCMI, where NCMI is the number
of chordwise boxes of the strip in
which the sending point lies.

NBXS The number of boxes on the wing
panel in which the sending point
lies + the total number of boxes of
the preceding panels.

NCPNB The number of boxes in the first
strip of the panel in which the sending
point lies + the total number of boxes
of the preceding panels.

NDBLE, E Second symmetry flag - input
JSPECS, JSP

NBV Total number of boxes on vertical
panels of T-tail cases - input

DELR Real part of the incremental
oscillatory downwash factor

DELI Imaginary part of the incremental
oscillatory downwash factor

FL, F Reference chord - input
REFCHD I

BETA j J l oT2

SDELX AXs Average box-chord of senriing box

DELY Ze, box width of sending point

KR kr Reduced frequency
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2.5.10 SUBROUTINE K ERNEL (XO. Y. ZO. KR. BR., GAMS, GAMSIG.
EPS, T1. T2. M)

Functional Desc ription

Subroutine KERNEL evaluates the modified ircremental oscillatory

kt.rnel, R•, for one receiving-sending point combination at a time. The

planar and nonplanar parts of the kernel are evaluated oeparately and are

returned to the calling program, subroutine INCR0, via the labeled

common /DLM/. (Evaluates right 1-and side of Eq. (2. 1-13 A*)

Subroutine KERNEL uses no card or tape input or output;

transmission of data is done through the argument list and the labeled

common /DLM/.

Data in Argument List

NINEMONICS SYMBOL DESCRIPTION/EQUATION

X0 x AX for center
0 AX] for inboard edge

AX2 for cutboard edge

YO yo AY for center of sending

AYI for inboard edge box; see
AY2 for outboard edge 2. 5. 9

ZO z AZ for center
0 AZI for inboard edge

AZZ for outboard edge

KR k Reduced frequencyr
BR br .C/Z Reference semichord

GAMS Yr

GAM-SI see 2. 5. 9

*See Part 1, Vol 1
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MNEMONICS SYMBOL DESCRIPTION/EQUATION

EPS E 0. 00001; built in constant
from INGR0

TI T 1  TI = cos (Yr - )

TZ I2 T2 = [ zoC°S Yr "YoSinYr )(z ocosy -yosiny)J/r

Mvi, M Mach number
FMACH

2. 5. 11 SUBROUTINE IDFI (EE, E2. AT?. ETA01. ZET01. ARE,
AIM, BRE, BIM, CRE, CIM, R1SQX,
XIIJR, XIIJI)

Functional Description

Subroutine IDF! performs the integration of the planar parts of

the incremental oscillatory kernels; see Eq. B. 9.* The result

of the integration is the complex number (XIIJR, XIIJI), returned to sub-

routine INCR0 via the argument list of IDFl.

Subroutine IDFl uses no card-, tape- or common input or output;

data transmission to and from IDFl is done through its argument list.

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

EE e,Ays/2 Semiwidth of sending box j
2

E2 
e

ATZ IT21 See 2.5. 10

ETA01 y Y cos Yr + z sin Yr

ZET01 z z cosY y Y sinYo r 0 r

*See Part I, Vol I
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MNEMONICS SYMBOL DESCRIPTION

ARE Re(A 1 )

AIM Im(A1 )

BRE Re(B 1 ) Coefficients of the parabola
for planar part of

BIM Im(B1 ) kernel-integration

CRE Re(C 1 )

CIM lm(C1 )

2
R1SQX r y + z

XIIJR Real part of
integral planar

XIIJI Imaginary part contribution

of integral

2.3.12 SUBROUTINE IDF2 (EE, E2, ATZ. ETA01. ZET01. AZR,
A2I. B2R. BZI, C2R, CZI. RI SQX,
DIIJR. DIIJ D

Functional Description

Subroutine IDF2 performs the integration of the nonplanar parts

of the incremental oscillatory kernel; see Eqs. (B. 15) and (B. 16).*

The result of the integration is the corrplex number (DIIJR, DIIJJ).

returned to subroutine INCR0 through the argument list of IDF2.

Subroutine IDF2 uses no card . tape or common input or output-

data transmission to and from IDF2 is done '!rough its argumenu list.

"*See Part I, Vol I
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Data in Argument List

MNTrMONICS SYMBOL DESCRIPTION

EE e
2

EZ e2

See 2.5. 11
ATZ 1TZ2

ETA01 7

ZET0] z

AZR Re(A 2 ) J
AZI Im(A2 ) Coefficients of the parabola

for nonplanar part of
B2R Re(B2) kernel integration

BZI Im(B,)

CZR Re(C 2 )

CZI Im(C Z)

RlSQX See 2.5. 11

DIIJR Real part of

integral nonplanar

DIIJI Imaginary part contribution

of integral

2. 5.13 SUBROUTINE SNPDF (SL, CL, TL, SGS. CGS, SGR CLGR
X0., YO, ZO, EE, DIJ, BETA, CV)

Functional Description

Stbroutine SNPDF computes the steady downwash factors for one

receiving-sending Lox combination at a time. The result, DIJ. is

returned to PARTZ via ito- argument list. (See Eq. C. 35b, Part 1, Vol 1.)

Subroutine SNPDF uses no card, tape. or common data input or

oitput; data transmission to and from SNPDF is done through its argument

jit. 71
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Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

SL sin A, whereAis the sweep angle
of the 1/4-chord line of sending
box [sweep angle of bound vortex]
modified by Prandtl-Glauertrule.

CL cos A

TL tan A

SGS sinY

CGS Cos Y

SG R sin Yr

CGR cOs Yr

x0

YO t See 2.5.10

zo

EE e Semi-width of sending box

DIJ Steady contribution to downwash
factor

BETA 41 - M,

CV C s Ax, average chord length of
sending box
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2.5.14 SUBROUTINE SSLECX (NCNSMI. MD. NGUST)

Functional Description

Subroutine SSLECX is used with AIC-type data, and only if

NCORE < 4000. It reads the matrix of downwash factors [D] from tape

NTP1 one row at a time, and augments it with the AIC-type downwash

matrix [W]AIC read from tape NTP3. For gust cases, when NGUST *0,

subroutine SSLECX also reads the gust downwash vector from tape NTP3.

The augmented matrix [D W] is saved on tape NTP4 in row order, ready

to be used by subroutine SOLVIT to obtain the solutions to the system of

simultaneous linear equations represented by the matrix [ D W1.

Data from Cards

None

Data from Common

Contents of Common /NTPS/.

Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NSTRIP

NSIZB(50, Z) NTP10 See 2. 5. 3

LIM(50, 3)

AUGM(530) [A] NTP1 Matrix of downwash factors
written on tape in row order
in subroutine PARTZ. Dimen-
sion of matrix is NB0XxNB0X.

GUST(400) W NTP3 Gust downwash vectorg u s t ýS e e

W(30, 10) [WIAIC NTP3 AIC type downwash 2. 5. 4
(normalwash).
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Data to Common

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

AUGM(530) [A1W] NTP4 Augmented downwash
factor matrix

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

NCNSM! n Total number of bx)xes on all

lifting surfaces (panels)

MD m Total number of AIC-type
right-hand sides NSTRIP

M = 1 XISLCT=jmax
j=lI

where NSTRIP = total number of
strips on all lifting surfaces, and
XISLCT. = the number of

jmax
elastic modes for j-th strip -

whenever NGUST = 0. When NGUST*0
NSTRIP

m = E XISLCT. + 1.
j= 1 jmax

NGUST Gust flag - input
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2 515SUBRQ$UTINE!CXSS (NCNSMI1.MD, NGUST)

Functional Description

Subroutine CXSS is used with AIC-type data, and only if

NCORE Z4000, and/or N5 = . It reads the AIC -type downwash matrix,

[WiAIC,~ from tape NTP3 and forms columns of right-hand sides. When

NGUST * 0, subroutine CXSS also reads the gust downwash vector from
tape NTP3; this becomes the last column of right hand sides. These are

saved on tape NTP4 preceded by the number of right hand sides for the

case, .,, dy to be used by subroutine QUAS and FUTS0L to obtain the

solutions.

Data from Cards

None

Data from Common

Contents of Common INT PSI.

Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NSTRIP

NSIZB(50, 2) NTP1 0 See 2. 5. 3

GUST(400) 1Wg91 NTP3 Gust downwash vector
I see

W(30, 10) [W 'AIC NTP3 Partitioned matrix 2. 5.
of AIC-type down-
wash (normaiwash)

Data to Common

None
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Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NMD m Number of AIC-type right
hand sides (elastic modes),
including the gust right

F• hand side whenever
NTP4 NGUST t 0

WX(400) Matrix of AJ.C-typ- right
hand sidc d written in
column urder. Dimensions
of matrix is NB56X x NMD

Data in Argument List

Same as in 2. 5. 14

2.5.16 SUBROUTINE SOLVIT (ND, MD, KD, NI, NM, NO, NW, NPRI)

Functional Description

Subroutine S0LVIT is used for cases with NCORE < 4000,

and/or N5 = 0. It solves the system of simultaneous linear equations

represented by the augmented matrix [D W], written on tape NTP4. The

solutions are saved on tape NTP3 in column order; the data on the input

tape, NTP4, is not preserved.

Data from Cards

None

Data from Common

None

Data from Tapes

AUGM(530), the augmented downwash factor matrix from tape

NTP4 - see 2 . 5.1 or 2 . 5.14.
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Data to Common

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

A(4000) NTP3 Solution matrix written in
column order; dimension
if matrix is NDxMD,
where ND = NB0X, and

MD = NMD.

Note that subroutine S6LVIT uses a single complex work array, A(4000),

for all tape input and output variables.

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

ND, n Total number of boxes on all lifting
NCNSMI, surfaces (panels) = size of the
NB0X square matrix [Aww] = [D] = matrix

of downwash factors.

MD m Total number of right hand sides in
the system of simultaneous linear
equations solved in subroutine S0LVIT.

KD Working array size (real-variable
dimension); presently set to 8000

NI NTP4; tape number assigned to
tape containing all rows of the
augmented matrix [AWWi W1 -
see 2.5. 1 or 2.5. 14

NM NTPI; tape number, used as
scratch unit

N0 NTP9; tape number, used as
scratch unit

NW NTP3; tape number assigned to tajne
containing all solutions of the system
of simultaneous linear equations

NPRI Print flag for solutions - input
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For present assignment of tape units see 2. 4.

2.5.17 SUBROUTINE QUAS (ND, MD. KD, NI, MM. NO, NAT, NW.
LTAPE. R1HSTAP. NPRI

Functional Description

Subroutine QUAS is used in conjunction with subroutine FUTS0L

for cases with NCORE ý 4000, and/or N5 - 1. It reads the matrix of

downwash factors, [D] from tape NTPI in row order, and as many

columns of right hand sides (m, say), from tape RHSTAP, as the

dimension of the work area in QUAS (3700 complex words) will permit.

Subroutine QUAS computes the so called quasi-inverse of the matrix [D)

and saves it on tape LTAPE; it also computes the solutions for the m

right hand sides and saves these on tape NTP3.

Data from Cards

None

Data from Common

None

Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

A(3700) [D], NTP1 Matrix of downwash factors;
( 0[ wl see 2. 5. 8

NMD NTP4 Total number of modes for case

A(3700) [W] NTP4 Matrix of right hand sides;
see 2.5.5 or 2.5.15

Data to Common

None
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Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

A(3700) LTAPE Quasi-inverse rratrix of

[D]. Master tape has to be
specified to preserve quasi-
inverse for future analysis;
otherwise tape is considered
a scratch unit.

A(3700) NTP3 Solution matrix; dimension
NB0Xxn, where n is the
number of right hand sides
-for which solutions were
obtained.

Note that Subroutine QUAS uses a single complex work array, A(3700)

*: for all input and output variables.

Data in Argument List

S MNEMONICS SYMBOL DESCRIPTION

ND, n Total number of boxes on all lifting
NCNSM1, surfaces

NBOX

MD m On output MD = n = the number of
right hand sides for which solutions
were obtained

KD Working array size (complex
variable dimension); presently
set to 3700.

NI NTPI; tape number assigned to
tape containing all rows of matrix
[Aww] (matrix of downwash
factors)

MM NT P8

tape numbers for
N0) NTP9 scratch units

NAT NTP2
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.7

MNEMONICS SYMBOL DESCRIPTION

NW NTP3, tape number for the
solution matrix

LTAPE Tape number assigned to the tape
containing the quasi-inverse of
[D]

RHSTAP NTP4; tape number assigned to
tape containing the matrix ot
right hand sides

For present assignment of tape units see Sec. 2.4

2. 5. 18 SUBROUTINE FUTSOL (ND, MD. KD, NI, MM, NO, NAT,
NW, LTAPE, RHSTAP)

Functional Description

Subriutine FUTShL is used for cases with NCORE -Z 4000, and

whenever new modes only are required for a previously computed case

(Ni = 1). When Ni = 0, subroutine FUTS0L is called following sub-

routine QUAS, and uses the quasi-inverse of the matrix [D] from tape

LTAPE. Additional right hand sides are read from tape RHSTAP, and

the additional solutions are saved on tape NTP3 following the previously

obtained solutions.

Subroutine FUTSj6L is bypassed when N5 = 1 and NC0RE < 3700.

Data from Cards

None

Data from Common

None
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Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

A(3700) [W] RHSTAP Additional columns of
right hand sides

A(3700) LTAPE The quasi-inverse matrix
generated in QUAS

Data to Comrion

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

A(3700) NW The additional solutions for
the additional right hand sides

For present assignment of tape units see Sec. 2. 4.

Data in Argument List

Same as for QUAS - see 2. 5. 17, except that NI is now merely

a scratch unit and does not contain the input matrix [D].

2. 5.19 SUBROUTINE AIC(BR.S. KR. NBF.NBL. JOBNO. ICOD.
VEL, NGUST. NPR2)

Functional Description

Subroutine AIC is used for AIC-type cases only. It reads the

solutions to the AIG-type elastic modes from tape NTP3 and the partioned

integration nratrix, [B], from tape NTPIO. Using these arrays subroutine

•"XIC supercolumns according to Eq. 2. 5-1, and saves them on tape NTPQ.

"*See Part T, Vol 1
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Data from Cards

None

Data from Common

Contents of the labeled common blocks /NTPS/, /XYZ/ and /YZY/.

Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NSTRIP

NSIZE(50, 2) NP See 2. 5.T3

LIM(50, 3)

B(10, 30) fB]AIC Integration matrix

DUMlW(400,4) [D]-I[W]AIC NTP3 Solution matrix for the AIC
type right hand sides

CPGUST(400) NT P3 Solution for the gust right
hand side - read only if

NGUST ; 0.

Data to Common

None

Data to Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

CH (4. 4. 50) NTP9 AIC matrix written one
supercolumn at a time;
see Eq. Z. t -2.*

*See Part I, Vol I
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Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

Bk b , c/Z Reference semichord

S P s Reference semiapan - input
REFSFPN

KR Reduced frequency

NB r First bay number Ifor which

NBA Last bay number AIC's are
written on

JOBNO AICM-case-identifier tape

ICOD 1. built in constant

VEL Aircraft velocity )
NGUST Gust flag - input

NPRZ Print flag for AIC's

2. 5 z0 SUBIUTINE ALRt BR. BZ. KR. ACAP, NR.F, NSV, IYAWN
IMXNP. NDELT. NPR31

Functional Des( ription

Subroutine AER0 is used for AiC-type cases oIy. It reads the

AIC supercolumns from tape NTP9 and computes the stability derivatives

for the rigid body modes according to Eqs. (Z.4-6) - (2.4-i.2* This

subroutine is primnarily used for the monitoring of the AIC's. It can be

bypassed by setting the data flag NPR3 to 0.

Data frora Cards

None

Data from Common

Contents of the labeled commons /NTPS/, iXYZ/ and /ZYZi.

*See Part I, Vol I
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Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NSTRIP

NSIZB(50, 2)

LIM(50,3) NTP10 See 2 .5.3

XISLCT(50, 7)

CE(4,4, 50) NTP9 See 2.5.19

Data to Ccnimon

None

Data to Tapes

Usually none. However, in speciai cases, when dynamic stability

derivatives are also required (input flag NPR3=3), tape unit 2 is used for

saving the total lift-and moment coefficients computed for the steady case

(KRO!) = 0. 0). S.ibsequently, this information is read from tape unit 2 and

is used in the calculation of the dynamic stability derivatives for the
unsteady case (KR(Z) > 0. 0) - see Z. 4. 2, in Part I, Vol I.

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

BR br, c/Z

B2 b., s See 2. 5. 19

KR kr

ACAP, A, S Reference area - input
REFARA

84



MNEMONICS SYMBOL DESCRIPTION

NRF Number of reduced frequencies
for case - input

NSV Number of strips on vertical panels
(fin) of T-tail cases; 0 otherwise
- input

NYAW Yaw flag - input

SIMX Number of rigid body modes
for AIC-type case-from GENB

NPC Camber flag

NDELT 6 Symmetry flag - input

NPR3 Print flag

2. 5.21 SUBROUTINE FINAL (BR, BZ, ACAP, NSV. NBV, IMX,
NYAW, NPC. NDELT. FGAMMA)

Functional Description

Subroutine FINAL is used for AIC-type cases only. It reads

the solutions for the AIC-type right hand sides from tape NTP3 and computes

the pressures for the rigid body modes for all boxes of all lifting surfaces.

These are printed along with the box number and the fractional chordwise

location of the load points (1/4-chord of box). Subroutine FINAL can be

bypassed by setting the data flag NPR3 to 0.

Data from Cards

None

Data from Common

Contents of the labeled commons /NTPS/, /XXZ/, and /YZY/,
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Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

NSTRIP)

NSIZB(50, 2) NTP10 See 2. 5.3

LIM(50, 3)

CPM(400, 4) NTP3 Solution matrix for the
I , AIC-type right hand sides

Data to Common

None

Data to Tapes

None

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

BR b
r

BZ 1, s See 2. 5.20

ACAP, A, S
REFARA

NSV

NBV Total number of boxes on vertical
panels (fin) of T-tail cases - input

IMX21.

NYAW See 2. 1. Z

NPC

NDELT 6

FGAMMA(50) Array of dihedral angles for all
strips of all lifting surfaces.
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2.5.22 SUBRPUTINE GENF (NB0X. NTOT, NMD. NDELT, NST,
LIM, FL, XCAP, XlJ, EV, SDELX,
B2, Y, ZZ, X0C, NBV)

Functional Desc ription

Subroutine GENF is used for modal type cases only. It reads

the solutions for all modes from tape NTP3 and writes the pressures for

all modes and all boxes along with the x, y, z coordinates of the boxes.

It also computes the sectional lift and moment coefficients for all strips

of all lifting surfaces as well as the total lift- and moment coefficients -

see Eqs. (2. 4-6)-(2. 4- 1*Subroutine GENF also computes the generalized

forces for all pressure modes and deflection modes; see Eq. 2. 4-5"

Data from Cards

None

Data from Common

Contents of the labeled common blocks /NTPS/, /XYZ/ and /BODY/.

Data from Tapes

MNEMONICS SYMBOL TAPE DESCRIPTION

P(400) IACp NTP3 Solution matrix for modal
type data read in column
order. Dimension of matrix
is NB0XxNMD.

P(400) 6C (f) NTP7 Matrix of pressures for all
p body elements and modes read

in column order. Dimension
of matrix is NBExNMD. This
data is read for body cases only.

B(400) NTP10 Integration matrix for modal

type data read in column order.

Dimension of matrix is NTg5TxNMD
where NT0T NB0X + NBE.

Data to Common

None

*See Part I, Vol I 87



Nn Data to Tapes

! None

Data in Argument List

MNEMONICS SYMBOL DESCRIPTION

NDELT 6 Symmetry flag

NB Number of bodies input
NSTRIP Number of strips

NBOX Total number of boxes on all panels

NT0T n NBOX 4 NBE, where NBE = total
number of body elements

NBV
T-tail input

NSV

NMD NM, m N, rnber of modes - input

LIM(50, 3) See Sec. 2. 5. 3

ACAP, A, S
REFARA

FL, z, 2b
REFCHD r

BZ, s, b/2
REFSPN

EV(400)

See Blank Common, Sec. 2.3. 1
Y(400) y

ZZ (400) z

SDELX(400) AX

XIJ(50) Xle
See Common /XXZI, Sec. 2. 3. 2

XOC(400) ý/c )
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2.6 BLOCK DIAGRAM

The basic block diagram for the computer progrm H7WC is shown

on the next four pages. All logical steps in the "main" part of the program

are indicated, and the basic functions of all subroutines that are called

from "main" are outlined. A complete description of all subroutines -

including those that are not called directly from "main," and therefore

are not indicated in the block diagram - can be found in Sections 2.5. 1

Sthrough 2. 5.22.
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Initialize

indices and

tapes

Re ad
HEADERcard

Read Mach
Numbe r, etc.

(Read KRarrayy

i
NO

Call PART 1;

read geometry

input, generate

coordinates

YES gene rate B A(
AIC' matrix, save it

? on tape NTP10

NO
Roe ad po ly-'

*nmial typep
ddata, ':

Go
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A

Set j --- Istart

KR-1 loop

Call GENW
K/AIC's YES generate [WIAIC

-----W save it on tape
NT P3

Call GENQ
gene rate [BQ],
save it on tape

NT PIO
generate [WOI,

save it on tape, NTPW

SY writemaugmenteDI
maeatrixt on tapetaeT wit

NTTP4

NO;

versAIC' YES NC(.

ap 0 K1)091



Call QUAS Call SOLVIT
solve equations solve equations

save solutions on save solutions
tape NTP3, quasi- on tape NTP3
inverse on LTAPE

momen Ncoficis YES

EYES NO

CalFUTSO)L

read inverse from eralize NOLTAPE, add new reri
solutions to tape orce

L 3?YES

S Call GENF

write pressures,
compute lift- and

moment coefficients

and generalized forces

cotinue f

9N

kGO1
IVF'



G

Gall AIC

vwrite AIG

supe rcoiumns

:on tape NTP9

Y ES

Call AERO
read AIC's(NTP9)
and [B]AIC(NTPIO)
compute s~tability

Ieiaie
93surs N



2.7 PROGRAM LISTING

The following pages (pp.ý. 95 -143 )contain the complete listing of

program H7WG. The individual subroutines of the program (including the

"1main" part of it) are listed in the order of their description in Seý.ction

2. 6.
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DOCUMENT CONTROL DATA - R & D
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